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a b s t r a c t
The promise of integrated research for addressing complex problems of sustainability such
as catchment management has been widely recognised. However, the mechanisms for
achieving integration in research have been the subject of few empirical studies. A major
challenge of doing integrated research is how to combine and effectively manage diverse
disciplinary perspectives and other knowledge/s in the generation of new knowledge for
practice and policy change. We examined this challenge within a large catchment manage-
ment research project in Australia’s Murray Darling Basin and asked, ‘What supports or
enables integration in research?’ Addressing this question requires an attention to integra-
tion as a dynamic process of knowledge production. We propose a model of this dynamic
process which is characterised by a changing demand for integration in five different
phases: (1) establishing the imperative for integration; (2) coordinating different disciplinary
and other knowledge commitments; (3) consolidating arrangements for integration; (4)
prioritising outputs from integration; and, (5) representing outputs of integration. For
researchers and research managers this model can help identify the mechanisms required
to support effective integration within research projects. We identify these mechanisms as
sites and devices for integration that must be both planned (as part of the original integrated
research design) and emergent (iteratively created and supported) in research projects.
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Integrated research for improving catchment management is
an important policy objective internationally (Bammer et al.,
2005a,b; McCulloch, 2007; Orr et al., 2007; Luukkonen and
Neveda, 2010; Fenemor et al., 2011b). Policy makers, research
institutions and research funders increasingly recognise
integrated research as a way of combining multiple perspec-
tives and insights to address complex issues of sustainability* Corresponding author. Tel.: +61 3 9035 4711; fax: +61 435 961804.
E-mail addresses: mayre@unimelb.edu.au (M. Ayre), ranettle@unim
http://dx.doi.org/10.1016/j.envsci.2014.10.011
1462-9011/# 2014 The Authors. Published by Elsevier Ltd. This is 
creativecommons.org/licenses/by-nc-nd/3.0/).such as catchment management and climate change (Shack-
ley and Wynne, 1995; Brouwer et al., 2005; Allen et al., 2011;
Fenemor et al., 2011a). Integrated research is valued for its
ability to: deal with complexity (i.e. multiple scales and
interacting systems) (Morse et al., 2007; Mollinga, 2010); draw
on the skills and knowledge of multiple professional practices
(Gibbons et al., 1994); deal with and effectively harness
differences between disciplines (Bammer, 2008); translate
findings into widely accessible forms (Strang, 2009); add
research capacity and insight (Jeffrey, 2003); solve societalelb.edu.au (R. Nettle).
an open access article under the CC BY-NC-ND license (http://
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outputs with less uncertainty (Syme, 2005). Relatively few
studies, however, have examined these claims with respect to
how to ‘do [their emphasis] integrated research’ (Huutoniemi
et al., 2010; Lang et al., 2012, p. 25; Gardner, 2013) including
design principles for integrated research and lessons on what
is required to support effective integrated research practice
(Jeffrey, 2003; Pregernig, 2006; Bammer, 2008; Mollinga, 2010).
Notable exceptions include recent studies in sustainability
science and research policy on design practices and challenges
of transdisciplinary research based on conceptual models
derived from the literature (Luukkonen and Neveda, 2010;
Lang et al., 2012; Konig et al., 2013). However, there remains a
need for empirical studies on the method (Huutoniemi et al.,
2010; Collier et al., 2011; Klein, 2012) by which integration in
inter- and transdisciplinary research research proceeds, as
well as the mechanisms (Knorr-Cetina, 1982; Luukkonen and
Neveda, 2010) which support this integration.
In this paper we report on an empirical study of integrated
research from the perspective of participants in a large
catchment management research project in Australia. This
project was designed from the outset as an integrated research
project and involved researchers from diverse disciplinary
backgrounds and catchment stakeholders working together to
address common research questions. The term ‘integration’
was used by the researchers in this project to describe how
they worked together, and with farmers and water managers,
to produce new knowledge to inform catchment management
policy and practice. As participants in this same project, we
(the authors) had an explicit, dual role of researching the
integrated research in the project and, designing and
facilitating aspects of integration with our co-researchers.
This role gave us a unique perspective on ‘integration’ through
an action research approach (Carr et al., 1986) to the question:
what is required to support or enable effective integration in
catchment management research?
Integration can be understood as a process of interdisci-
plinary (Haapasaari et al., 2012; Repko, 2012) or transdisciplin-
ary knowledge making (Mattor et al., 2014) or what is also often
called ‘integrated research’. Although integration is common-
ly conceptualised as a cognitive (Repko, 2012; Klein, 2012) and
mutual or ‘extensive’ (Haapasaari et al., 2012) learning
process, few studies inquire into how this learning proceeds
and therefore how it can be best supported within integrated
research. Our exploratory study conceptualises integration as
a knowledge making and learning process. This paper adds to
the theory of integrated knowledge making (or integration)
within research collaborations by proposing that integration is
supported by the planning and creation of heterogeneous
knowledge practices in strategic mechanisms. It demonstrates
how these mechanisms are performed in the everyday
practices of negotiating and translating across researchers’
and practitioners’ diverse epistemic and ontological commit-
ments including their different objects of inquiry, methods
and concepts. From this analysis, a model of integration
practice, characterised by different phases and changing
‘demands’ for integration is also proposed. Recognising
integration as ‘demand-driven’ reveals the need to collectively
perform and re-perform the ‘demand’ or imperative to
integrate throughout the different phases of integration asboth planned (in the original integrated research project design)
and emergent (in the everyday practices of integrated knowl-
edge making). This model of integration practice can help
guide research teams and research leaders in planning and
conducting integrated research for addressing complex issues
of sustainability such as catchment management.
2. Background
2.1. Knowledge integration in research
Catchment management research is an important case for
examining integration in research as scholars and practi-
tioners worldwide recognise the important challenge of
understanding the interactions between economic, environ-
mental, production and other uses and values of catchments
as complex socio-ecological systems (Mostert et al., 2007; Pahl-
Wostl and Kranz, 2010; Wallis et al., 2013). Integration in
research has attracted the interest of scholars from a broad
range of different fields including: sustainability science
(Jerneck et al., 2011): social studies of science (Jeffrey, 2003;
Mollinga, 2010); landscape sociology (Tress et al., 2003, 2005)
and the dedicated scholarly areas of interdisciplinary studies
(Bammer, 2008; Klein et al., 2010; Bammer, 2012a; Repko, 2012)
and transdisciplinary studies. Within these traditions, there
are many different ways to understand integration in research
(Klein, 1996; Pohl et al., 2008; Klein et al., 2010; Luukkonen and
Neveda, 2010), however for the purposes of this paper we focus
on integration as a knowledge production and learning
process to add to insights on how such learning can be best
supported and to provide guidance on how research colla-
borations can be effectively managed in practice.
This is not to suggest that achieving effective integration is
simply about integrated knowledge making alone: there are
other factors impacting on success in integration including the
wider socio-political context and the social relations of power
in research. The many other important aspects of integration
include: intellectual and ‘cultural’ aspects (Bauer, 1990);
conceptual dimensions such as’ paradigmatic assumptions’
(Gardner, 2013); evaluating the results or outcomes of
integration (Roux et al., 2010); and the governance aspects
of integrated research (Boon et al., 2014). While all these
aspects are important to understanding and progressing
integration in research, the aim of this paper is not to provide
an exhaustive review of integration. It aims to address a
recognised need for empirical research on the process
dynamics (Pohl et al., 2008; Repko, 2012) of integration to
support research teams and their collaborators in designing,
conducting and representing the results of integrated research
(Jeffrey, 2003; Luukkonen and Neveda, 2010; Mansilla, 2010).
Interdisciplinary scholars note that integration is central to
the study of interdisciplinarity and is commonly conceptua-
lised as a process of cognition and social activity (Klein, 2012;
Repko, 2012). A conventional definition proposed by Repko
(Ibid.) is:
. . . the cognitive process of critically evaluating disciplinary
insights and creating common ground among them to construct a
more comprehensive understanding. (Repko, 2012, p. 263)
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attention in transdisciplinary studies. In transdisciplinary
research, integration is typically understood to involve the
process of synthesising or combining academic disciplinary
knowledge with practitioners’ or stakeholders’ knowledge to
solve complex, ‘life world’ (Hirsch Hadorn et al., 2008) or ‘real-
world’ problems (Klein, 2012). Integration in transdisciplinary
research is therefore a knowledge production process com-
prised of heterogeneous locations, people and principles
assembled through research collaborations involving
researchers and others (Gibbons et al., 1994; Hessels and
van Lente, 2008). It is recognised as important for dealing with
uncertainty and complexity in addressing applied research
problems and accounting for a diversity of societal interests.
Hirsch-Hadorn et al. (2008, p. 91) recognise that a key tenant of
this form of research is that it ‘integrates knowledge through
mutual learning to create new analytical frameworks and
approaches for conducting research’ with ‘integration as an
ongoing endeavour’ within it.
This paper focuses on integration as a knowledge produc-
tion and learning process within research collaborations. In
particular it explores what enables and supports research
teams (Haapasaari et al., 2012) to do effective integration.
Scholars have recognised the need to further understand the
nature and dynamics of integration including the identifica-
tion of new models of the interdisciplinary (Repko, 2012, p.
266) and transdisciplinary (Hirsch Hadorn et al., 2008) research
process, and how to measure progress in integration (Melin,
2000; Jeffrey, 2003).
We add to the theory on integration in research by adopting
a critical stance on the nature of integrated knowledge
production itself. We posit that integration is a generative
process of knowledge making and learning and that the
mechanisms (Knorr-Cetina, 1982) required to progress inte-
gration are embodied symmetrically (Latour, 1987) in people,
groups of researchers, research sites and materials and their
representations and narratives. This approach proposes that
integration is not just a cognitive or social process as some
others have emphasised, but also a thoroughly and equally
material and symbolic one.
Consistent with this are approaches to understanding
integration in the burgeoning sustainability science (Roux
et al., 2010; Cornell et al., 2013) and catchment management
literature. Approaches in catchment management research
draw on theories of organisational behaviour and environ-
mental governance, and identify integration as a form of
‘social learning’ (Mostert et al., 2007; Strang, 2009; Ison et al.,
2011; Haapasaari et al., 2012; Pahl-Wostl et al., 2012; Wallis
et al., 2013). Social learning is understood as a process of
knowledge production involving ‘groups of people with
different histories, understandings, emotions, instruments
who come together and work hard at some common purpose’:
or a ‘performance’ (Ison, 2010, p. 10). This approach to
integration is drawn from studies of collective action and
knowledge co-production (Cornell et al., 2013) amongst
stakeholders in catchment management with a particular
focus on participatory approaches to decision making and
governance of catchments (Warner, 2006; Olsson and Anders-
son, 2007; Collins et al., 2009; Blackmore, 2010; Wallis et al.,
2013). These studies consistently draw attention to themultiple interests and knowledge/s relevant to the practice
and policy of catchment management and sustainability
endeavours and identify the need for accounts that provide
evidence and guidance on how to effectively practice and
institutionalise integration (Ison et al., 2011, p. 3985) This
paper extends this focus to integration in catchment manage-
ment research as a learning process.
2.2. The farms, rivers and markets project
After a period of extended drought from 1998/9 to 2009/10,
policy makers, water managers, farmers and communities
were seeking new options for the sustainable management of
catchments in southern Australia. To address this, an
ambitious programme of national water reform was imple-
mented to develop new arrangements for water management
in Australia. As part of this reform agenda, the Australian
Government (through its National Water Commission),
commissioned the Farms Rivers and Markets (FRM) project
(the project), the largest catchment management research
project to date in Australia (see Langford, 2012). Using the
Goulburn-Broken catchment in northern Victoria as a case
study (Walker et al., 2009) (see Fig. 1 for map of the Goulburn-
Broken catchment), this $10.8 million dollar project aimed to
develop new options for doing water and agricultural
management in the southern Murray Darling Basin (MDB)
under a more variable climate. This project which ran from
January 2009 to December 2011 brought together over 50
researchers working in a diverse range of academic discipline
areas including ecology, economics, law, rural sociology,
infrastructure engineering, farming systems and decision
science together with catchment stakeholders (e.g. water
managers, farmers, policy makers). The FRM project was
organised in seven main project modules or ‘sub-projects’ and
included a range of different empirical and predictive methods
including agricultural field trials (at the University of Mel-
bourne farm at Dookie), economic analyses of water use and
management scenarios and modelling of river control sys-
tems, ecological systems and farming systems using the
Goulburn-Broken catchment in northern Victoria as a case
study. The project aimed to produce insights for improving
catchment management including agricultural production,
environmental water management, irrigation water supply
and community engagement (see Langford, 2012).
2.3. Integration in research practice
To understand the dynamics of integration as a knowledge
production and learning process, we adopted a particular
analytical approach inspired by science studies scholars
Shapin and Schaffer (1985). They propose a typology of
‘technologies’ of scientific knowledge which co-constitute
‘matters of fact’ (p. 25) and posit that all scientific knowledge is
performed through the strategic coordination of ‘social’,
‘material’ and ‘literary’ technologies of scientific knowledge
production (Ibid.). However, instead of ‘technologies’, we refer
to ‘practices’ of knowledge production to emphasis the
embodied nature of collaborative research. We also use the
term ‘textual’ practices (instead of literary) practices to refer
to the diversity of texts and representational practices
Fig. 1 – Map of the Goulburn-Broken catchment, Victoria, Australia.
Source: Chandra Jayasuriya
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knowledge production enterprise.
The constructivist epistemology of the typology proposed
by Shapin and Schaffer (1985) offers a framework for better
understanding the phenomenon of learning in interdisciplin-
ary and transdisciplinary research as it reveals the generative
(Mansilla, 2010, p. 294) and heterogeneous nature of knowl-
edge production in integrated research. In this framing (Schon,
1984), all knowledge is understood as constituted or ‘per-
formed’ in the everyday, collective practices (Star, 1989;
Gibbons et al., 1994; Mol, 1998; Latour, 1999) of doing scientific
(and other knowledge making) work using historically
achieved social, cultural and political resources (Shapin and
Schaffer, 1985; Callon, 1986; Hess, 1997; Turnbull, 1998; Mol,
1999; Star and Greismer, 1999; Law and Mol, 2001; Verran et al.,
2007).
As Shove and Walker (2010) note: ‘. . . when practices
change they do so as an emergent outcome of the actions and
inactions of all (including materials and infrastructures), not
only [the] humans’ involved.’ (p. 475). Other empirical studies
of integration in research tend to focus on either: the social
aspects (e.g. ‘cultural tools’ (Haapasaari et al., 2012)’; ‘social
practices’ (Collins and Ison, 2009); the material aspects (Tress
et al., 2005) (e.g. ‘project planning’); or the textual or symbolic
aspects (e.g. ‘vocabulary’ (Jeffrey, 2003); ‘symbolic communi-
cation’ (Duncker, 2001);‘dialogue methods’ (McDonald et al.,
2009) of research practice. We suggest, however, that
integration in research is achieved through sites for integra-
tion (Boxelaar et al., 2007) — or particular combinations of
people and places (Ayre and Verran, 2010). And in devices for
integration which are sets of heterogeneous research practices
— all containing material, social and textual aspects. We are
thus adding to insights from Bammer (2012a,b) who notes that‘devices’ for integration are important but does not elaborate
how such devices can be designed and managed within the
everyday work of collaborative research projects.
3. Methodology
The project was designed from the outset as an integrated
research project with different disciplinary contributions
arranged in modules and sub-projects according to the project
structure (see Fig. 2). It therefore adopted ‘integration’ as an
overarching conceptual framework to guide collaboration
amongst the researchers involved. To explore the question of
how to support effective integration in the project, we used an
action research methodology (Sherman and Torbert, 2000;
Reason and Bradbury, 2006; Burns, 2007). This methodology
was based on a process of inquiry involving ongoing
participation and reflection with 50 researchers. In our dual
role as both facilitators and researchers in the project, we
sought to both understand the process of ‘integration’ in
research, and also to design and evaluate effective and timely
interventions to support integration as it emerged through the
collective practices of the researchers.
In addition to documenting and analysing the action of the
project from May 2009 to April 2012, we undertook a number of
different activities related to the planning and design of
engagement activities involving researchers. For example, we
planned, facilitated and documented five Research Work-
shops involving FRM researchers over a period of two years
(see Table 1 in Supplementary Material). At these workshops,
participants shared their experiences of the challenges and
frustrations of working together in a series of ‘integration’
sessions designed and facilitated by the authors (which
Fig. 2 – Integrated Research Framework (Goldsmith et al., 2009).
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involved collective reflection, group discussion and mutual
questioning. Data collected to inform this study includes: the
written reports of the four workshops; written (evaluative)
comments from workshop participants; and, two written
questionnaires on ‘integration’ completed by workshop
participants (n = 20).
Our research also draws on other data including: field notes
(approximate total of 150 h); formal records of Project
Management Team meetings; project correspondence and
documentation (such as written reports and diagrams);
transcripts of 20 interviews with project participants (approx-
imate total of 30 h); participant observation at project events
(approximate total of 100 h); interviews with researchers and
members of the Farmer Reference Group (FRG) and Catchment
Reference Group (CRG) (n = 21); and written reports of two (2 h)
focus groups (n = 15) with catchment stakeholders.
4. Results and discussion
In this section we present findings on what is required to
support integration in research collaborations with a particu-
lar focus on both planned and emergent sites and devices for
integration as mechanisms for progressing integrated re-
search.
4.1. Planned site and devices for integration
A key planned site of integration in the project was the six
monthly Research Workshops as they contained possibilities
for bringing into contact and coordinating the disparate
disciplinary practices of researchers in novel ways (Verran,
2001; Boxelaar et al., 2007) (see Table 1 in Supplementary
Material). However, to address the challenges of integration, it
was not enough to simply bring people into contact at the
workshops. An original imperative for integration was also
required: this was the Integrated Research Framework for the
project (Goldsmith et al., 2009) (see Fig. 2).
This framework (Goldsmith et al., 2009) can be understood
as a set of ‘textual’ practices; or a representation of
integration in research. This was a planned ‘device for
integration’ and provided for the possibility of translation
between the project funders, the research organisation/s,researchers and stakeholders. The milestone deliverables
written in the project contract were also a key planned
(textual) device for integration, as they provided the original
‘goals’ for integration in the project:
Integration needs to be goal-directed — this drives out the need for
integration. For example, the [project] milestone deliverables.
(researcher 1, 31/05/10)
However, the research framework and the milestone
deliverables had to be somehow operationalised (Huutoniemi
et al., 2010) or practiced for integration to actually happen; it
was observed that ‘‘researchers would not integrate as a
matter of course’ (researcher 2, 30/09/2010). As the project
proceeded, creative tensions between different epistemolo-
gies (Bauer, 1990; Miller et al., 2008) and standardised methods
(Star, 1983) of the different disciplines led researchers to
negotiate emergent sites and devices for integration to progress
their work together.
4.2. Emergent sites and devices for integration
An important emergent site for integration in the project was
the establishment of a work programme to analyse the
potential benefits of and tradeoffs between agricultural and
environmental water use at a catchment scale. It is not within
the scope of this paper to provide an exhaustive description of
this modelling work (see Farquharson et al. (2011) for details
of methods and assumptions) as others have done (Hovelynck
et al., 2010; Carey et al., 2013; Landstro¨m et al., 2013) Our aim is
to reveal some of the key integration challenges of work
programme known as the ‘water sharing analysis’) and the
kinds of devices (social, material and textual) that supported
researchers to meet these challenges. Within integrative
research practice, different steps or ‘phases’ of a given
integrative problem can be identified, for example: ‘problem
identification’ and ‘problem structuring’, ‘problem investiga-
tion’ and ‘bring results to fruition’ (Hirsch Hadorn et al., 2008).
We have traced these steps broadly as challenges of
integration in one particular site of integration to show
how emergent devices helped manage the complexity,
uncertainty and diversity inherent in integrative research
efforts to address a complex, ‘real-world’ policy and manage-
ment issue.
Fig. 3 – Textual device for integration: generic catchment to
support researchers in the ‘Water Sharing Analysis’
Source: From Bond et al., 2012.
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policy under the major reform initiative, the Australian
Government’s proposed (draft) Murray Darling Basin Plan
(MDBP) (Murray Darling Basin Authority, 2011). Providing the
original imperative for emergent integration, researchers
conceptualised the issue of SDLs as an integration problem:
. . . the approach we have taken is to see an opportunity to develop
some research in the project that is relevant to the Basin Plan and
the SDL question . . . our idea is that integration in FRM is demand
driven, rather than supply driven — we need to have an issue to
focus on for integration rather than being forced together . . .
(researcher 6, 5/11/14)
Specifically, researchers noted that while the (draft) MDBP
proposed nominal limits for diversion of water to consumptive
uses (e.g. irrigated agriculture) for each regulated catchment in
the MDB, it did not present information on potential trade-offs
including the levels of environmental and agricultural benefits
that accrue under different water sharing arrangements. Such
information, they noted, could help the public debate
associated with the draft Plan (Farquharson and Western,
2011) which had been heated and fraught. To do this they
developed three key integrative research questions as textual
integration devices to guide their collaborative work for
example: ‘‘How do we assess options for harmonising farm
and environmental water demands?’’
The second key integration challenge of the ‘water sharing
analysis’ was to develop a joint understanding of the case or
problem: that of assessing alternative water sharing outcomes
(or benefits). To address this challenge, three key strategic
integration devices emerged: (1) a generic (hypothetical)
catchment (2) a modelling matrix and (3) a mutual commit-
ment to ongoing meetings and communications. The generic
catchment was a textual device to create new understanding
about the system amongst researchers (see Fig. 3). The
Modelling Matrix (see Table 2 in the Supplementary Material)
was another textual integration device to help coordinate the
different modelling inputs/outputs to produce results on
different water sharing scenarios (represented as different
SDLs):
This activity [the modelling matrix] revealed not only the
anticipated points of interaction, but also identified those [model]
inputs that are needed, but are not yet provided for by others’
[research] activities. (researcher 3, 31/05/2010)
And thirdly, the numerous formal and informal meetings
and communications between researchers were another
emergent social device for integration:
. . . we have different ideas about how to go forward because the
result [of integration] actually requires some detailed conversa-
tions at a fairly concrete practical level about how you
[researchers] will step through the methodology. (researcher 8,
09/08/2010)
A third challenge for this work programme was to define
the integration problem and an important social device for
achieving this was formalising the ‘water sharing analysis an‘FRM priority output’ at the 3rd Research Workshop. The
project leader subsequently promoted this priority output by
actively facilitating interactions between researchers and
stakeholders (see below). Researchers were continually
challenged to make sense (Weick et al., 2005) of the problem,
through ongoing and effortful exploration of the connections,
synergies and exchanges they could make:
. . . it [integration] is almost like its such an emergent thing. You
can see the threads of people trying to contribute their components
and trying to think and do things outside the box . . . (researcher
13, 05/08/2010)
The next integration challenge was identifying the process
(or ‘methodology’) for the analysis. Mutual understanding of
the requirements and assumptions of one another’s different
research objects (e.g. scales, time-steps, parameters) and
models that embed these objects was required in order to align
or create new research objects for progressing integration. As
Star and Greismer (1999) note, the use of ‘boundary objects’ is a
key strategy for cooperation and collective action amongst
scientists for the production of new knowledge. For example,
researchers created ‘new constructs’ (see below) which
operated as boundary objects with the ‘cooperating parties
sharing a common referent’ (p. 411).
. . . it’s a construct, the notion of an environmental water demand
. . . That is not a straightforward thing to do but I can see a way
forward on how to integrate, after talking to X. (researcher 9, 05/
08/2010)
The concept of ‘environmental water demand’ is an
emergent (textual) device for integration as it supported a
‘way forward’ for the ‘water sharing analysis’.
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water sharing arrangements was the next integration chal-
lenge faced by researchers in this programme. In regular
meetings, researchers worked together to calculate variability
and manage complexity (see below) in their work. This was not
a seamless or easy process and included resolving issues of
uncertainty and complexity which amplify when models and
data from different sources are combined (Carey et al., 2013).
Researchers recognised that social practices and personal
attributes such as acceptance and compromise were critical to
achieving a shared understanding of the problem:
Integration could be seen as the achievement of a shared
understanding of the problem, acceptance of issues from different
sides — like economics, agricultural economics and ecology — and
the development of a direction based on some compromises from
each disciplinary group [which] has ultimately led to a pragmatic
and useful solution for policy and management. (researcher 8,
28/11/2011)
Resolving variability issues in the modelling work was
achieved through discussions involving debate and negotia-
tion among participants: ‘most often by sitting in someone’s
office and arguing around a whiteboard’ (researcher 7, 11/02/
2011). In meeting this integration challenge, negotiation and
periodic contestation between researchers was evident as the
dominant discursive style (Jeffrey, 2003, p. 553) or what we
identify as a textual device for integration.
Interpretation of results was the next integration challenge
and this involved an ‘evaluation’ of the costs/benefits of the
various water sharing scenarios. Targeted discussions with
river managers were a key device for integrating practitioners’
knowledge and research knowledge in evaluating the feasi-
bility and tractability of these scenarios for management and
policy. Researchers sought input on the concept and outcomes
of the analysis from catchment stakeholders in two focus
groups, two field days, the project Steering Committee and
CRG. These discussions helped researchers to manage
complexity though constraining the number of options forFig. 4 – Representation of the different challenges to be overcom
ecologists, and engineers.water sharing based on pragmatic assessments of the research
outputs. As one water manager commented:
Right now we are trying to do this . . . decide what to do with
environmental water . . . we’ve got a certain amount of water [for
consumption and the environment] and environmental objectives.
This [‘water sharing analysis’] will help us do that [decide on
environmental water allocations]. I see it directly helping. (water
manager 1, 4/04/2011)
Uncertainty was also managed by engaging stakeholders
through social/material devices for integration such as field
site visits at the Dookie farm and on a nearby commercial
farm. For example, the modelled irrigation water demands (or
human-mediated variables in the analysis) (Carey et al., 2013)
were linked to farming practice through practitioner knowl-
edge as a FRG member recognised:
All models need to be based on sound agricultural practice and
through combining academic experience and their [researchers’]
scientific approach with real time experience [of cropping farmers]
in the field over quite a few decades, we [FRG] were able to quickly
eliminate some combinations of crop or pasture rotation . . . and
discuss it, and then qualify and quantify things that have
happened [in the field trials]. (FRG member 2, 30/09/2010)
From our research, we produced a representation of the
‘water sharing analysis’ integrated work (see Fig. 4). This figure
shows the interactions between the different disciplinary
inputs to, (e.g. farming systems trials, crop water use and
yield, fish population studies, environmental flows rules) and
outputs from (e.g. farm return on assets and probability of
meeting environmental objectives) the water resources
modelling of different scenarios of water sharing (see central
circle). This integrated modelling produced new information
on both agricultural and environmental outcomes of different
‘water sharing’ scenarios. Stakeholders were engaged and
knowledge exchanged through the Farmer and Catchment
Reference Groups to complete the ‘trade-off’ analysis bye in the water sharing analysis between economists,
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policy settings in the Goulburn-Broken catchment and
beyond.
5. Dynamics of integration in research
5.1. Planning and emergence in integrated research
Different disciplinary and other knowledge/s have different
theories and methods for adjudicating on what are legitimate
objects of inquiry in research; which representations most
accurately reflect the world and its objects, and therefore what
counts as true knowledge. Managing the tensions that arise
from disparate claims to what is true knowledge of the world/s
we live in (our so-called ‘realities’) is the challenge of all
integration endeavours. Other specific challenges of doing
integration identified in the literature include: [finding] ways
to harness and manage difference (Bammer, 2008, 2012a,b);
managing epistemological differences and perspectives (Tress
et al., 2005; Collins and Ison, 2010); understanding the
intellectual and organisational resources required to support
integrated research (Mollinga, 2010); and, understanding how
to measure progress in collaboration (Jeffrey, 2003; Luukkonen
and Neveda, 2010). Successfully addressing these multiple
challenges requires new routines or modes of cooperative
research practices (Maasen et al., 2006, p. 394) and an attention
to what supports such practices.
Previous studies of integration in research have identified
various mechanisms (Knorr-Cetina, 1982) that support inte-
gration in the form of social arrangements, material elements
and symbols or representations. For example, studies have
identified the social arrangements that support integration
which include: relationships between participants (Haeussler,
2010; Luukkonen and Neveda, 2010); developing consensus on
terminology (Tress et al., 2005); achieving ‘shared competen-
cies’ (Luukkonen and Neveda, 2010); and, ‘dialogue’ (Bammer,
2012b). Other studies identify symbols or representations
(Duncker, 2001) such as: ‘shared vocabulary’ and, ‘integrative
concepts’ and integrative project plans (Tress et al., 2005, p.
247). Whereas others emphasise the use of material mecha-
nisms for collaboration, for example, ‘crystallising agents’
such as databases (Luukkonen and Neveda, 2010), and ‘plat-
forms for integration’ such as farms (Crawford et al., 2007;
Klerkx et al., 2010). All of these studies suggest that to achieve
effective integration in research, research practice itself must
be done differently than it has been in the past.
Doing research differently requires attention to process
(Repko, 2012, p. 270) along with mechanisms to support
integration. Our inquiry shows that new, integrative research
practices must be both planned and emergent in the everyday,
collective work of ‘doing integration’ together. As one
researcher reflected: ‘. . . integration’ is a ‘process’ (not an end-
point)’ with both ‘planned’ and ‘intuitive’ aspects (see Martin and
Ayre, 2010).
Our analytical focus on practices helps reveal the possibili-
ties for the creation of new research practices and new
knowledge policy and management efforts. The capacity to do
integration effectively is generated by researchers and their
collaborators through the strategic planning and coordinationof these practices. We have provided examples of sites and
devices for integration as important mechanisms for integrat-
ed research and have emphasised that these mechanisms are
wholly social e.g. (working groups and interactions between
researchers), material (e.g. farms and field trials); and textual
(e.g. models and conceptual frameworks). However, why
provide such a complex description of integration? We suggest
that by revealing the sets of heterogeneous research practices
that constitute or perform integration in research, we are
better able to create the conditions and design situations to
progress effective integration for addressing so-called ‘real
world’ problems.
We recognise that this account of doing integration risks
suggesting that integration is somehow neat or straightfor-
ward. This was certainly not the case. Although our focus is on
what helped or supported researchers in their integrative
efforts, researchers also noted problems including how to
manage data across the various project activities, how to
develop a common vocabulary across disciplines, and the
large investment of time required to building trust and a
mutual commitment to work together.
5.2. A model of integration practice in research
Our study contributes to the theory of integration in research
by identifying it as a dynamic process of knowledge produc-
tion characterised by a changing ‘demand’ for integration.
This ‘demand’ changes as integration proceeds through
different stages or what we have identified as ‘phases of
integration’. We have shown how this ‘demand’ is generated
in and through the strategic use of sites and devices (sets of
heterogeneous knowledge practices) which are both planned
and emergent in integrative work. For example, as one
researcher noted:
When the demand for integration is there it happens. An example
is the discussions about water sharing between the environment
and agriculture [which resulted in the ‘Water Sharing Analysis’
FRM Priority Output] led by X. (researcher 6, 31/05/2011)
As Duncker (2001) notes in her study of multidisciplinary
co-operations, mechanisms for transforming research prac-
tices are cumulative where: ‘. . . the accomplishment of each
mechanism produces the conditions for the emergence of the
next’ and require ‘different amounts of mutual education’ (p.
359) or what we identify as here as learning.
While Lang et al. (2012), have noted the phased nature of
integrative research, here we add to this insight by revealing
the performative nature of integration in a model of integra-
tion practice. The five phases in the model for integration in
research are: (1) establishing the imperative for integration; (2)
coordinating different disciplinary and other knowledge
commitments; (3) consolidating arrangements for integration;
(4) prioritising outputs from integration; and, (5) representing
outputs of integration. In phase one, researchers recognised
the planned devices for integration such as the project
objectives, the milestone deliverables and the Integrated
Research Framework (see Fig. 2), as important in ‘driving out
the need for integration’ (researcher 12, 31/05/2010). In
subsequent phases of integration in the project, other sites
Fig. 5 – Representation of the water sharing analysis
research and practice framework.
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‘need’; Melin, 2000) for integration changed and as partici-
pants learnt how to do integration together. For example, in
next phase of ‘Coordinating different disciplinary and other
knowledge commitments’, sites and devices focused on: re-
performing the overall project objectives to establish research-
ers’ integrated work programmes; and, planning for ongoing
interactions. In the ‘Consolidating arrangements for integra-
tion’ phase, the devices for integration that emerged focused
on: enabling reflections on integration as the agreed process
for working together in the project; experiential learning
through interactions in place (e.g. Dookie farm and experi-
mental field sites); and coordination of integrated work
programmes (through facilitated interactions at workshopsFig. 6 – A model of integration practice in research showing the
integration.and commitment to ongoing interactions). In the ‘Prioritising
outputs of integration’ phase, integration devices focused on:
identifying gaps and priorities; pathways to delivering priority
(integrated) research outputs; and, reflecting on progress in
integration. And in the final ‘Representing outputs of integra-
tion’ phase, devices focused on representing the project as a
series of integrated ‘FRM Priority Outputs’ (see Langford, 2012)
(see Fig. 4).
This proposed model of integration practice is not intended
as a formulation of fixed procedures for achieving integration.
Rather, it provides a set of ‘tools’ (Jeffrey, 2003; Pohl et al., 2008)
or ‘toolbox’ that involves ‘examples’ (of sites and devices for
integration) and an ‘outline’ Bødker et al. (1994) of work
practice for doing integration that can be used as a guide by
researchers and practitioners designing and conducting
research collaborations. We now shift to an analysis of the
effectiveness of integration in the FRM project and the
potential use of the framework beyond this case study, in
positioning integration in research within the broader political
and ontological debates (Figs. 5 and 6).
5.3. Was integration effective in the project?
Integration in research is an inherently political process, as are
all knowledge production endeavours (Pickering, 1992). It
involves attention to and management of both the internal
dynamics (e.g. within research teams) and the external
dynamics of research (for example, the context in which
the integration process sits and which may influence it in
various ways). At the internal level, researchers in integrated
research must negotiate the creative tensions between
various agendas, interests, agendas, methods and objects of
inquiry between themselves and their collaborators. This is
the work of managing differences between scientific and other
knowledge/s, or what science studies scholars have called the different phases of integration and examples of devices for
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1999). The social relations between researchers necessarily
involve contestation, debate and the exercise of power
(Gardner, 2013) in order to achieve certain outcomes. At the
level of external dynamics, researchers doing integration must
find ways to translate their objects and products of research
inquiry in ways that engage practitioners including policy
makers as one person noted:
We’ve got to bear in mind the difference between [research]
outputs and outcomes . . . to get an outcome, we’ve got to have a
politically acceptable solution . . . (water manager 5, 4/04/2011)
Mechanisms for integration support researchers to medi-
ate and manage these two areas of politics in research in
practice. Through the use of and participation in sites and
devices for integration researchers can avoid getting lost in
diversity, complexity and variability (Hirsch-Hadorn et al.,
2006, p. 126) in integrated research. However, making time for
and investing resources in these sites and devices is partly an
issue of overall research (and project) management and
organisation.
The role of the project leader was critical to supporting and
progressing integration in the project. Sh/e actively promoted
integration as key to the project’s success and as the ideal and
objective of working together within it. Understanding and
supporting integration as ‘generative’ or performative and ‘not
something that can be forced’ (Bolitho and McDonnell, 2010, p.
5) is challenging for research teams including research
leaders. Bammer (2008) recognises the need to balance the
active management of integration to ‘nurture and protect the
creative element in research’ (p. 881) with more prescriptive
approaches. One of the project leaders expressed an intuitive
appreciation of this inherent tension in managing integration
and observed:
It is about trying to get a sensible dialogue [between researchers]
. . . There is always a challenge about when to intervene . . . if you
intervene too early and do not give people the chance to learn and
make mistakes . . . To create the culture of integration, if you like,
every individual in this [the project] must take responsibility for
progressing integration to some degree. (researcher 14, 24/05/
10)
Our analysis of the dynamics of integrated knowledge
production is descriptive and explanatory rather than evalua-
tive (Shapin and Schaffer, 1985). However, evaluating integra-
tion in research collaboration is an area that requires further
attention (Huutoniemi et al., 2010). As Bammer (2008)
suggests, evaluating success in integrated research contains
at least two aspects: did the project deliver the integrated
research product/s on time and on budget? And, was the
integrated research process effective?1 Researchers recog-
nised these challenges and half way through the project, a1 She defines successful integrated research projects broadly as:
‘those that reach integration and project goals (on time and on
budget), produce tangible outcomes, contribute to progress in
integrative research and provide positive experiences for their
participants’ (Bammer, 2008).burgeoning interest in and commitment to the process of
integration prompted researchers to ask themselves: ‘How
will we know if we’ve integrated?’ This question led
researchers to develop a set of Principles and Criteria for
Integration. This emergent device for integration was per-
formed through the textual, social and material practices of
discussing, deliberating, scribing and assembling performed
by researchers in a facilitated ‘integration’ session and was: . . .
about defining what we [researchers] think integration is and
assessing that integration . . . (researcher 11, 31/05/2011)
In general, as Jeffrey (2003) notes of multidisciplinary
collaborations, progress in integration is often‘. . . informally
measured in terms of the relationship between assumed work
load remaining and the various reporting deadlines for the
project as a whole’ (p. 554). However more considered
evaluative frameworks are being developed for example, Roux
et al. (2010) propose a need for participatory reflection in
research collaborations based on a normative framework (and
criteria) for evaluation drawn from their own experiences. In
the project, progress in integration was assessed using the
combination of: a survey of researchers using their own
generative criteria for integration; and, our (the authors’)
observations and interview data. Together these data consti-
tute evidence of integration in the project against six of the
eight criteria for integration developed by the research team
(this evidence is summarised in Table 3 in the Supplementary
Material.). While this is not an exhaustive approach to
evaluating integration, it provides a basis for a critical and
nuanced assessment of this complex and dynamic process by
using non-normative criteria generated in researchers’ own
experiences of doing integration.
Formally recognising the ‘value’ or utility provided by the
facilitation of integration activities is another remaining
challenge for research projects. Whilst there is evidence of
integration in the project against the Principles and Criteria for
Integration developed by researchers, it is also important to
consider: was this integration enough? And, could more or
better integration have been achieved? As one researcher
noted, the Principles and Criteria for Integration do not currently
address these questions:
[Whilst recognising that] . . . there are phases of integration [in the
project]. It would be good to have some measures of efficiency and
sufficiency of integration. The current principles and criteria do not
cover these aspects. (Clark and Ayre, 2011, p. 53)
Researchers understood the value of working together
towards integration as: creativity (in addressing complex
problems); leadership opportunities; building capacity for
doing integration; personal enjoyment; and, ‘making new
connections’ (Clark and Ayre, 2011). They considered integra-
tion activities added to the project overall, particularly
through ‘broadening thinking’ and ‘being fundamental to
the very nature’ of research (Ibid.). The benefits of integration
were recognised by researchers as: ‘challenging and sharing
disciplinary perspectives’; ‘generating new ideas’; ‘sharing
data and observations’; ‘influencing [the] analysis to be more
complete and holistic in approach’; ‘providing more relevance
for stakeholders’; and, ‘broadening the possible audience [of
research]’. They also recognised that integration: ‘adds
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learning about other disciplines and new terminology’; ‘gets
me out of my [disciplinary] silo’; ‘is about having ‘fun’; and,
being ‘inspired’ (Ibid.). For example a researcher noted:
. . . integration contributed to making my work more relevant in
answering current important policy and management questions
and therefore more valuable. (researcher 16, 31/05/2011)
While this study has elaborated some of the ‘value’ of
integrated research from the perspective of research partici-
pants, there is scope to further identify how the capacities of
researchers to do integration adds to the institutional (and
societal) capacity to tackle complex problems of sustainability.
6. Conclusion
In this paper we contribute to current insights on how to
maximise the effectiveness of integrated research for com-
plex, so-called ‘real-world’ problems. While ‘integration’ has
been recognised as an experiential and reflexive learning
process (Duncker, 2001; Jeffrey, 2003; Tress et al., 2003), there
are relatively few insights from empirical studies of integra-
tion in research into how this learning occurs. We posit that
this learning is both a process and an outcome of a knowledge
production enterprise which we represent in a model of
integration practice. This model is a basis for a design
methodology (Bammer, 2008, p. 879) for integration in research
collaborations. The significance of this model is that integra-
tion is understood as a dynamic knowledge production
process in which a changing ‘demand’ for integration must
be performed and re-performed to progress through different
‘phases’ of integration. Therefore, ‘work’ or sustained, strate-
gic and collective effort and creativity are required to
coordinate and manage knowledge practices for effective
integration in research.
Through a study of ‘integration’ as a focus of participatory
inquiry in a large research team, it is demonstrated that these
knowledge practices must be both planned and supported as
emergent in mechanisms for integration. These mechanisms
are identified as sites and devices for integration which are
sets of heterogeneous knowledge practices that allowed
researchers to work together in new routines of integrated
research. From these new routines in the FRM project,
integrated research objects and outputs emerged, including
new knowledge for improving catchment management along
with an increased capacity of individuals and teams involved
to do integrated research.
Our research shows that the benefits of supporting
integration as a learning process lie in developing research
teams capable of doing integrated research. In order to do
integration effectively, research teams must remain flexible
and open to emergence (Collins et al., 2010, p. 690) as they work
together to manage the differences in their methods,
epistemologies and objects of inquiry. However, research
teams must also commit time, energy and other resources to
‘paying attention to’ or problematising integration. By explic-
itly planning for and managing (Jeffrey, 2003, p. 559) the
practices of integration — in sites and devices for integration— new possibilities for working together to achieve joint
(integrative) research outputs emerge.
For research institutions, including research managers,
supporting effective integrated research will require them to
manage the creative tension between the planned and
emergent ‘demand’ for integration in projects. Both planned
and emergent sites and devices for integration must be
actively managed and facilitated throughout integrated
research projects. Integration can be a time-intensive and
intellectually demanding process and requires support in the
form of: strong leadership to plan for and prioritise integra-
tion; specialist facilitation skills to help identify the emergent
‘demand’ for integration through devices for integration;
participatory activities that bring researchers into regular
contact with one another in sites of integration; and, key
strategies (such as evaluative criteria) for measuring progress
towards integration through different phases of collective
action in research projects.
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